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• Jupiter and Europa
• Why Explore Jupiter’s moon Europa

• Mission and Flight Systems 
• Mission Objective
• Spacecraft and Instruments Description

• Environmental Requirements and Verification Program
• Challenging Environments
• Environmental Verification (Subsystems and Spacecraft)

• Conclusions
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“Europa, with its probable vast subsurface ocean sandwiched between 
a potentially active silicate interior and a highly dynamic surface ice 
shell, offers one of the most promising extraterrestrial habitable 
environments, and a plausible model for habitable environments 
beyond our solar system”

8 March 2015
The Planetary Decadal Survey 

Europa Clipper Mission Objective:
• Explore Europa to investigate its habitability.

– Characterize Ice Shell and Subsurface Water 
– Measure Composition
– Understand Geology
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Why Europa

Europa-UVS
UV Spectrograph

measuring surface & 
plume/atmosphere

composition

SUDA 
Dust Analyzer

measuring surface & 
plume composition

MASPEX
Mass Spectrometer
sniffing atmospheric 

composition

ICEMAG 
Magnetometer

sensing ocean 
properties

E-THEMIS
Thermal Imager

searching for hot spots 

REASON
Ice-Penetrating Radar

mapping the ice shell

9 NASA-Selected Instruments

PIMS
Faraday Cups

studying plasma 
environment

MISE
IR Spectrometer

studying surface chemical 
fingerprints

Gravity Science: 
using fan-beam and LGA

Radiation Monitors:
measuring TID

EIS
Narrow-Angle Camera

Wide-Angle Camera
mapping landscape in 

3D & color

Remote Sensing In-Situ
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Direct-to-Jupiter Trajectory 
(SLS Launch Option) Gravity-Assist EVEEGA Interplanetary 

Trajectory
(Delta-IVH or other EELV)

• 21 Day launch period opens June 2022.
• Earth/Venus/Earth/Earth Gravity Assist (EVEEGA) trajectory.
• Arrive Jovian System January, 2030  (7.5 Years).

• 21 Day launch period opens June 2022.
• Arrive Jovian System March 2025  (2.7 Years).
• 3.5 year Jovian tour after Jupiter orbit insertion. 
• 45 Europa flybys.
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Power • Solar-powered mission: 86 m2 Solar Array 
generating 650 W (EOM)

• 339 Ah (EOM) Battery for eclipses, TCM, & 
flybys

• Single axis gimbaled arrays

Propulsion • Bipropellant MMH/NTO/MON-3 propulsion 
subsystem

• 1669 m/s; 2750kg fuel (MEV) 
• 25 N DST-13X main engine and RCS engines 

(24)
• 1.17 m (49”)  diameter tanks

Avionics • RAD750 flight computer and 512 Gb data 
storage

Telecom • X-band: Uplink & 20W Downlink
• Ka-band: 35 W Downlink (85 kbps @ max 

range)
• 3-m HGA, MGA, fan beam (3) and LGA (2)

Control • 3-axis: Reaction wheels(4), RCS engines 
(cruise)

• Pointing Ka 1 mrad, UVS 0.7 mrad
• Star trackers(2), IMU(2), sun sensors(6)

Thermal • Active thermal control with fluid pump loop, 
MLI, heaters, radiator with louvers

• Avionics heat reclamation – minimizes 
electrical heaters

Mechanical • 5.27 m tall by 3.16 m wide by 4.15 m deep
• 6001 Kg launch/wet mass
• Non-load bearing tanks, nadir platform 
• Deploy solar array and mag boom
• Vault significantly reduces total dose to 

electronics 

3m HGA

25 m

ICEMAG Boom
REASON VHF 
Antenna (x4)

REASON HF 
Antenna (x2)

5 m

4.15 m

Solar Array Wing (x2)

Avionics VaultInstrument Deck
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Multiple Launch Vehicles
Envelop worst-case env (+ margin) 
for all potential LVs:

• Acoustic
• Vibration
• Shock

Radiation (near Jupiter)
• TID 3.0 Mrad
• iESD
• Flux: Electronics & Matl

Thermal Environments
• Hot extreme: 0.65AU during VGA
• Cold extreme: 9.2hr eclipse at Jupiter

Electron and Proton Integral Fluxes

EMC/EMI/Magnetics
• Radar 9 and 60 MHz interference
• E-field for low-energy plasma particles
• Magnetic cleanliness for Magnetometer
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• Europa lies well within the Jovian radiation and plasma 
environment.

• Total mission design dose. 
• 3 Mrad (100 mil Al).
• Higher than previous missions.

• Employ strategies to mitigate radiation effects.
• Minimize radiation exposure through innovative trajectory 

design.
• Maintain conservative radiation design margin.

• RDF = 2.
• Shield electronics in “Radiation Vault”.

• <150 Krad.
• Use rad-hard EEE parts inside vault.

• >300 Krad.
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Innovative Trajectory Design

Highest-
radiation 

zones

Clipper
Orbits

• Design Europa flyby trajectories to be highly-elliptical orbits to limit time spent in the high Jovian radiation environment. 
• Criss crosses Europa Surface.
• The closest-approach is as low as 25 km. 
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Europa Clipper
Vault (10.6 mm aluminum 
panels, with hollow decks 

& solar panels)

E-box 
Configuration

20% soup in box with 100 
mil wall

Electronics 
Assembly

Radiation TID 
(Rad, Si)

MASPEX 1.20E+05

Integrated Pump 1.13E+05

PIMS 1.45E+05

EIS 1 1.82E+05

EIS 2 1.74E+05

CDH 1 1.24E+05

CDH 2 1.23E+05

E-THEMIS 1.35E+05

PCDA 1.11E+05

Radiation Monitor 9.20E+04

MISE 1.38E+05

SUDA 8.46E+04

ICEMAG 1.19E+05

REU 1 9.08E+04

REU 2 1.10E+05

CryoCooler 1.19E+05

REASON RASEL 1.26E+05

REASON RFLP 1.18E+05

REASON DES #1 1.27E+05

REASON DES #2 1.41E+05

SRU 1 1.40E+05

SRU 2 1.33E+05

SIRU 1 1.67E+05

SIRU 2 1.18E+05

RW 1 1.29E+05

RW 2 1.38E+05

RW 3 1.14E+05

RW 4 1.26E+05

AVERAGE 1.27E+05

• Place all control electronics in a shielded aluminum 
vault.

• Avionics vault description:
• Dimensions:1.18mx1.15mx0.88m.
• Wall thickness 10.6mm, Al. 
• Total vault mass = 216.4 kg.

• Performed radiation transport analyses.
• Using NOVICE analysis tool, with 9 detectors/box.

• Analyses results.
• <150 Krad(Si) for most electronics, with 10.6 mm vault 

wall thickness.
• To achieve 100% compliance.

• Use thicker walls, or
• Localized shielding.
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• Performed radiation testing of all required electronics part types and 
comprehensive set of potential materials. 

• EEE parts need to survive 300 Krad(Si) TID (HDR & LDR).
• Materials unshielded or partially-shielded can experience 100’s Mrad(Si) or 

even Grads(Si) TID levels. 

• Qualified parts and materials that meet the mission requirements are 
placed in the Preferred Parts and Materials Selection List (PPMSL). 

• Some tested in conjunction with thermal cycling at hot and cold extremes.
• Examples: commercial NAND Flash memories, buck converters, linear 

devices, DDR2 memory, opto-couplers, FPGAs, DACs, temperature 
sensors, adhesives, paints, cables, etc.

• Subsystems and instruments can select from the list for their design 
applications without further qualification. 

• If not on the list, additional radiation and thermal qualifications are required.
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Assembly/Subsystem/Instrument
• Dynamics tests

• Random vibration 
• Shock
• Acoustic noise (selected - large area/mass)
• Structural Loads (structural elements)
• Microphonics (susceptible h/w)

• Thermal tests
• Thermal vacuum (all hardware)
• Thermal cycling life qual (selected – eg. solar array)

• EMC/EMI/Magnetic tests
• Conducted susceptibility/emission
• Radiated susceptibility/emission
• Grounding, bonding, & isolation
• Multipacting/ionization breakdown/corona (high voltage h/w)

• Natural space
• Radiation (TID/DDD/SEE/iESD) tests and analyses
• Venting (pressurization & depressurization) analysis
• Micrometeoroid test (for selected vulnerable items)

Spacecraft
• Dynamics tests

• S/C Modal test
• Random vibration
• Acoustic noise
• Pyro firing (LV separation & deployment)

• Thermal tests
• Thermal vacuum (w/ thermal balance - critical 

h/w at FA limits during functional)

• EMC/EMI/Magnetic tests
• Radiated emission
• Radiated susceptibility
• Self-compatibility (subsystems/Instruments) 
• Magnetic cleanliness

• Environmental analyses
• Orbital debris analysis
• Micrometeoroid analysis (prob. of survival & 

shielding effectiveness)
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Conclusions

• Identified a set of driving environmental requirements for the 
Europa Clipper Mission. 

• Defined a rigorous environmental verification program.
• Environmental testing and analyses are well underway.
• Entering into the critical design phase of the mission.
• Progressing as planned.
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